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JUNE 15-20, 1931 


BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


PASADENA MEETING, JUNE 15-20, 1931 


The 171st regular meeting of the American Physical Society will be held 
at the California Institute of Technology, Pasadena, California, in the Lec- 
ture Hall, Room 201, of the Norman Bridge Laboratory of Physics, in affilia- 
tion with the Astronomical Society and the American Association for the 
Advancement of Science, June 15-20, 1931. 

Titles and abstracts of the papers to be presented are given in the follow- 
ing pages. These abstracts have not been corrected by the authors. After 
correction, they will be published in an early number of the Physical Review. 
Authors should send corrections to the Editor of the Physical Review at the 
University of Minnesota, Minneapolis, Minnesota. 


Headquarters. The headquarters for the American Physical Society will 
be the Huntington Hotel. 


Dinner. On Friday evening, June 19th at 6 p.M., there will be a joint 
Mathematics, Astronomy and Physics dinner for members of the Societies 
and their friends at the Huntington Hotel. The price will be $2.00 a plate. 


Hotel Accommodations. (Nore: Distances from California Institute of 
Technology given in parenthesis.) 

Constance—940 E. Colorado St. All rooms with bath. Single rooms, $2.50 
to $5.00 per day; (3 mi.). 

Crown—677 E. Colorado St. Single, with bath, $2.00 to $3.00; (2 mi.). 

El Rey—87 E. Green St. Single, $1.00 to $1.50; (shower) $1.50; with bath, 
$2.00 to $2.50; (13 mi.). 

Grant—127 N. El Molino Ave. Single, with bath, $2.00; (14 mi.). 

Green—Corner Raymond Ave. and Green St. Single, $2.00 to $2.50; with 
bath, $2.50 to $4.00; (13 mi.). 

Huntington—South Oak Knoll Ave. Single, with bath, $4.00 per day; 
mi.). 

Holly—4 Holly St. Single, $1.50; with bath, $2.50; (13 mi.). 

Livingstone Apartment Hotel—i39 S. Los Robles Ave. Single, with bath, 
$3.50; (1 mi.). 

Maryland—389 E. Colorado St. Single, with bath, $4.00 per day; without 
bath $3.00; (13 mi.). 
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Park View—Corner Raymond and Green St. Single, $1.50 to $2.00; with 
bath, $2.00 to $2.50; (14 mi.). 

Southern—125 S. Fair Oaks Ave. Single, $1.00; (14 mi.). 

Simkinson—141 N. Madison Ave. $1.50 and up (1} mi.). 

Taylor—64 W. Colorado St. Single, $1.00 and $1.50; with bath, $2.00 and 
$2.50; (14 mi.). 

Vista Del Arroyo—125 S. Grand Ave. Single, with bath, $5.00; (2 mi.). 

Clark’s Auto Camp—3019 E. Colorado St. All modern conveniences may 
be obtained for $1.50 per day. 
(Note: All of the above hotels have double rooms as well as single.) 


Popular Evening Lectures. These lectures will be given in Griffith Park, 
Los Angeles, each evening at 8:30 p.m. (Wraps of some sort will be found ad- 
visable.) On Monday, June 15, Dr. FRANz Boas will speak on “Race and 
Progress.” On Tuesday, June 16, Dr. H. D. ARNOLD will give an experimental 
lecture entitled “Science Listens.”” On Wednesday, Dr. AkTHUR L. Day will 
speak on “The Present Status of Seismology.” On Thursday, Dr. CHARLES 
A. BEARD will speak on “Scientists and History.”’ On Friday a symposium 
conducted by a historian, an economist and a scientist on “The Impact of 
Science upon Civilization, Past, Present and Future.” 


Excursions. Provisions will be made for excursions to nearby places of 
interest under the leadership of competent guides. For example, a trip to the 
laboratories of the Mt. Wilson Observatory in Pasadena and then to the 
observatories on the summit of Mt. Wilson may be made in one afternoon 
and evening. Many other excursions have been proposed. For further par- 
ticulars see the Preliminary Announcement bulletin or General Program of 
the A.A.A.S. 


CALENDAR 


Monday Morning, June 15, at 9:00 o'clock 
NoRMAN BRIDGE LABORATORY OF PHYSICS 
LECTURE HALL, Room 201 


Symposium on ‘‘The Physics of Crystals” 


1. ‘On the Secondary Structure of Crystals,” by Fritz Zwicky, Cali- 
fornia Institute of ‘Technology. 

2. ‘Problems Connected with the Elastic and Electric Properties of 
Metal Crystals,”? by P. W. BripGMan, Harvard University. 

3. “Crystal Properties and Electron Diffraction,’’ by C. J. Davisson, 
Bell Telephone Laboratories. 

- 4, “Experiments on Structure Sensitive Phenomena in Metal Crystals,” 

by ALEXANDER GOETZ, California Institute of Technology. 
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Tuesday Morning, June 16, at 9:00 o'clock 
NORMAN BRIDGE LABORATORY OF PHYSICS 
LECTURE HALL, Room 201 


Symposium of ‘‘The Present Status of the Problem of Nuclear Structure” 


1. (Title not given) by W. F. G. Swann, Bartol Research Foundation. 

2. *‘Recent Studies of Nuclear Stationary States,” by R. H. FowLer, 
Cambridge University, England. 

3. ‘*Problems of Hyperfine Structure,” by W. PauLt, JR., Institute of 
Technology, Zurich, Switzerland. 

4. “Hyperfine Structure and Nuclear Magnetism,” by S. A. Goupsmir, 
University of Michigan. 

5. *‘A Theory of the Arrangement of Protons and Electrons in the Atomic 
Nucleus,” by W. M. Latimer, University of California. 

6. (Title not given) by J. R. OPPENHEIMER, California Institute of Tech- 
nology and the University of California. 


Wednesday Morning, June 17 

Sessions suspended in order that members of the Physical Society may 
attend the session of invited papers arranged by the Astronomical Society of 
the Pacific in cooperation with Section D of the A.A.A.S. This session will be 
held in the Lecture Hall, Room 201, of the Norman Bridge Laboratory of 
Physics. Titles of the invited papers and the speakers are as follows: 

1. ‘‘Recent Speculation on the Internal Structure of Stars,’’ by R. H. 
FowLeER, Cambridge University, England. 

2. ‘Composite Polytropic Gas Spheres,” by H. N. RussEL, Princeton 
University. 

3. **Remarks on Space Absorption,” by F. H. SEAREs, Mount Wilson 
Observatory. 

4. ‘Application of Relativistic Thermodynamics to the Problem of the 
Entropy of the Universe as a Whole,’”’ by R. C. ToLMan, California Institute 
of Technology. 

5. ‘The Distribution of Extra-Galactic Nebulae,’? by Epwin HUBBLE, 
Mount Wilson Observatory. 

The symposium on “Major Problems of Modern Oceanographic Re- 
search” arranged by Section E for Wednesday morning, June 17, may be of 
interest to some physicists. Titles of papers and speakers are as follows: 

1. ‘‘Outstanding Oceanography Problems with Special Reference to the 
Circulation in the Different Ocean Basins,’”? by T. WAYLAND VAUGHAN, 
Scripps Institution of Oceanography. 

2. ‘*The Life in the Ocean from a Biochemical Point of View,’ by P. S. 
GaLtsorF, U. S. Bureau of Fisheries. 

3. **Problems in the Chemistry of the Ocean,” by T. G. THompson, Uni- 
versity of Washington. 

4. ‘Oceanography and Geologic Interpretation,” by W. H. TWENHOFEL, 

University of Wisconsin. 
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Thursday Morning, June 18, at 9:00 o'clock 
NORMAN BRIDGE LABORATORY OF PHYSICS 
LEcTURE HALL, Room 201 


Symposium on ‘‘The Production of High Energy Electrical Particles’’ 
with a discussion of the recent experimental advances in the 
achievement of high energy radiations. 


1. ‘‘High Voltage Cathode-Ray and X-Ray Tubes and their Operation,” 
by W. D. Coo.ipGE, General Electric Company. 

2. **Vacuum-Tube Experiments using Tesla Voltages,’”’ by M. A. Tuve, 
Carnegie Institution of Washington. 

3. ‘‘Methods for the Production of High Velocity Canal Rays which do 
not Require the Use of High Voltages,” by E. O. LAWRENCE, University of 
California. 

4. “High Voltage X-Ray Tubes with Short Electron Path,” by C. C. 
LAURITSEN, California Institute of Technology. 

Drs. A. Brasch and F. Lange have also been invited to present papers but 
have not yet been heard from. 


Friday Morning, June 19, at 9:00 o'clock 
NORMAN BRIDGE LABORATORY OF PHYSICS 
LECTURE HALL, Room 201 
Regular Program of the Physical Society for the presentation 
of submitted papers Nos. 1-10. 


Friday Afternoon, June 19, at 1:30 o'clock 
LEcTURE HALL, Room 201 
Regular Program of the Physical Society for the presentation 
of submitted papers Nos. 11-19. 


Saturday Morning, June 20, at 9:00 o'clock 
LECTURE HALL, Room 201 
Regular Program of the Physical Society for the presentation 
of submitted papers Nos. 20-29. 


(NoTE: Some members of the Physical Society may be interested in the 
symposium on the medical and biological possibilities of high voltage x-rays 
which is being arranged by Section N (Medical Sciences) of the A.A.A.S. for 
Friday morning, June 19.) 

Other meetings for the current season are as follows: 

172. September 10-12, 1931. Schenectady 

173. November 27-28, 1931. Chicago. 

174. Pacific Coast. Time and place to be announced later. 

175. Annual Meeting. New Orleans. December 29-30, 1931. 

176. February Meeting. Cambridge, Mass. Time to be announced later. 

L. B. LoEes, Local Secretary for 
the Pacific Coast 
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PROGRAM 


Friday Morning, June 19, 1931 
NoRMAN BRIDGE LABORATORY OF PuHysIcs 
LECTURE HALL, Room 201 


1. A revision of values of e/m from the Zeeman effect. J. S. CAMPBELL and W. V. 
Houston, California Institute of Technology.—The preliminary values of e/m obtained from the 
Zeeman separations of Cdd\6439 and Zn\6362, and reported last year, are revised on the basis 
of a redetermination of the current-field ratio of the solenoid used. The method of calibration 
permitted this ratio to be determined at the solenoid currents and temperatures which pre- 
vailed during exposures. The g-factors have been corrected to take account of the influence 
of neighboring triplet terms. Some of the plates have been remeasured. The values of e/m so 
obtained, 17583 with probable error of 0.06 percent from cadmium 6439 and 17581 with er- 
ror 0.05 percent from zinc 6362 are 0.14 percent lower. Possible disturbance of the g-factors, 
from the approach of terms other than those of which account has been taken, cannot at pres- 
ent be estimated. 


2. The absorption spectrum of ClO,. HAarotp C. UREY AND HELEN JoHNsTON. Columbia 
University.—The absorption bands of ClO: have been investigated using Hilger E1 and Hilger 
E185 quartz spectrographs. In all 125 bands have been measured from \\5040-3300. These 
follow the formula 


= 19812.35 + 716.96(0,’ + 3) — 2.818(n’ + 4)? 
+ 294.91(u2’ + 4) — 2.03(v2’ + 4)? — 3.41(01’ + 4)(v2’ + 


where v,'=0, 1, 2,-++ , ve’=1, 2,-++, and »’’=0, 526.2, 728.8, 854.1 and 1466.2 cm™; the 
latter appears to ge a harmonic of the 728.8 frequency. We have not been able to find evidence 
for the v,;’=v2’=0 level unless there is a considerable perturbation of this level. The isotope 
effects which we have observed follow the formula 


— = + 4) + 1.00(v2’ + 4) — 14.66, if »’’ = 526.2 
and 
— var = 5.40(v,’ + 4) + 1.00(v2’ + 4) — 11.50, if »’’ = 0. 


Calculation of the isotope effect for a molecule of this kind shows that the isotope effect for the 
normal level is larger than can be expected if the least possible vibrational energy is h(m-+-v2+1s) 
The formula given above does not apply to bands of shorter wavelength than about 3300. 
Beyond this point another formula must be used as pointed out by Goodeve and Stein (Trans. 
Far. Soc. 25, 738 (1929)) though we have measured only a few bands as yet in this region. 


3. New infrared absorption bands in water. JoserpH W. ELtis. University of California at 
Los Angeles.—New absorption bands have been found for water at 1.74 (5750 cm) and 1.79p 
(5590). Absorption in this region diminishes considerably with rising temperature but no notice- 
able shift of band centers occurs as with other water bands. The maxima may be interpreted 
respectively as combinations of 2.79u (3580), 6.1 (1640) and 19.5 (510); and 2.90 (3450), 6.1 
and 19.5. 6.1y is a well-known water maximum, 2.79 and 2.90 are components of the 3u region 
resolved by Kinsey and others through Raman scattering, whereas 19.5 is somewhat hypotheti- 
cal. It has been cited by Rawlins and Taylor. (Infrared Analysis of Molecular Structure, p. 61) 
as characteristic of water but I have failed to find it in the literature. Whether it is to be identi- 
fied with the gradual approach toward a maximum near 20, in the absorption and reflection 
spectra of Rubens and Ladenburg is uncertain. Since the present model of the H,O molecule 
scarcely permits so low a characteristic frequency the 19.5u band is here assigned to a water 
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polymer. The well-known 4.74 (2130 cm~') band of water and ice, which disappears in water 
vapor, can be interpreted as a combination of 6.1 and 19.5u. Bands analogous to all of the water 
bands characterize the water of crystallization in selenite. 


4. Infrared absorption bands of hydrogen cyanide in gas and liquid. Frepricx S. BRAcK- 
ETT AND URNER LIDDEL. Smithsonian Institution and Fixed Nitrogen Research Laboratory.— 
The absorption spectra of both gaseous and liquid hydrogen cyanide have been investigated by 
means of an automatic spectrograph in the region from 7,000 A to 20,000 A. This region yields 
15 absorption bands in the liquid, three of which have been observed also in the gas, with a dis- 
placement from liquid to gas to higher frequencies of from 125 cm~! to 137 cm~'. These, with 
the exception of two weak bands, have been identified as harmonics and combination fre- 
quences of fundamentals at 14, 4.74, and 3.04u, designated 4, v2, , respectively. The second 
and third harmonics of the 3.044 fundamental are observed as doublets in the gas with separa- 
tions of 45.3 cm and 49.3 cm™ yielding moments of inertia 21.7 X 10~*® g.cm* and 18.3 x 10~*° 
g.cm?, respectively. The combination frequency of 2+») yields a doublet separation of 50.6 
cm~ giving a moment of inertia 17.3 X 10-* g.cm*. This work is in entire agreement with that 
of Badger and Binder (Phys. Rev. 37, 800 (1931)) both as to wave-lengths, approximate values 
of moments of inertia, and interpretation in terms of fundamental modes of vibration. The 
band 4», observed by them at 12,636 cm™ in the gas was observed in the liquid displaced to 
lower frequencies by 136 cm™. 


5. The aural spectrum. Jos—EPpH KAPLAN. University of California, Los Angeles—The 
recognition of unusual band spectrum phenomena in the weak auroral radiations, have led to 
an almost complete reproduction of the auroral spectrum. The Franck-Condon rule for band 
intensities is strikingly violated. First positive bands of nitrogen which are normally four- 
headed, possess only strong single heads. The comparison of the upper atmosphere to a dis- 
charge tube without walls gave the clue to the present experiments. It was thought that a con- 
tinuous discharge through a tube would so modify the surface as to reproduce the aurora spec- 
trum. This has been done in a striking manner in electric discharges in air at 10° mm. The 
discharge was marked by rapid chemical cleanup of the air and a subsequent disappearance of 
the discharge. It was during the flickering stage that the best reproductions of the aurora were 
obtained, an interesting fact in view of the pulsating types of luminosity which have been ob- 
served in auroral displays. Both of the above band spectrum phenomena are explained on the 
hypothesis that the nitrogen molecule predissociates. This is particularly interesting since the 
afterglow of active nitrogen was obtained in the same tube for the first time in uncondensed 
discharges. The writer has elsewhere given an explanation of the long life of the afterglow in 
terms of predissociation. The present experiments therefore are evidence that the auroral dis- 
plays are electrical discharges at low pressures under conditions which are ideal for the pro- 
duction of the nitrogen afterglow. 


6. New emission bands in mercury vapor. J. Gisson Winans. University of Wisconsin.— 
The spectrum of an electrodeless discharge through mercury vapor showed a group of eight 
bands with short wave limits at 2494, 2488, 2482, 2476, 2470, 2464, 2458, and 2450. It showed 
also a continuous spectrum with different intensity maxima between 5000 and 2050. The band 
limits 2482 and 2464 are uncertain since they are concealed by mercury lines. The bands 
2476 and 2470 were first observed by Stark and Wendt and 2458 and 2450 by Miss Brzozowska. 
Rayleigh resolved the 2476 band into closely spaced components and Condon suggested that 
they might be “diffraction bands.” Miss Brzozowska has shown that these components con- 
verge like the rotational lines in a single band. The emitter of these bands is uncertain. The 
closely spaced components are not close enough to be rotational lines of Hgs. The bands were 
observed in three different tubes prepared with different samples of mercury. They appeared 
when the HgH bands did not; and they are not observed in absorption or in fluorescence. 
Heating, which destroys the 4850 band and greatly enhances the 3300 band produces no effect 
on this group. Considering them as single bands, their frequencies and intensities can be cor- 
related with potential energy curves. A probable emitter is Hg2*. 


7. Features of the spectra of thulium, ytterbium, and lutecium under different excitations. 
ArTHUR S. Kinc. Mount Wilson Observatory.—The work is a continuation of the investigation 
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of rare-earth spectra in the electric furnace, arc and spark for temperature classification and 
the segregation of neutral and ionized lines in the range 42950 to 46800. Distinctive character- 
istics have appeared for each element. The lutecium spectrum is of special interest on account 
of its large variety of line-groups, each brought out by certain physical conditions, and also the 
hyperfine structure of a large proportion of its lines. The prevailing hyperfine pattern when 
resolved has three components equally spaced, usually degraded in intensity toward the red; 
while unresolved lines appear to have the same pattern in varying degrees of closeness. The 
ytterbium lines require in general the excitation of the arc or high-temperature furnace, only 
five out of about 400 listed being classed as low-temperature lines. Distinct hyperfine structure 
is absent. Enhanced lines are prominent, and by a comparison of arc and spark spectra, were 
grouped according to their response to spark excitation. Preliminary examination of the 
thulium spectrum showed the furnace excitation expecially favorable for high intensity and 
easy reversal of Tu I lines. The absence of hyperfine structure in thulium furnishes the only 
exception thus far observed among rare-earths of odd atomic number. 


8. Investigations in the spectral region between 20 and 40u. Joun StronG. National 
Research Fellow. California Institute of Technology.—A reststrahlen apparatus was employed 
for the experiments. This apparatus has advantages over former arrangements in that it does 
not require large crystal mirrors, the crystals may be quickly interchanged to give various wave- 
lengths, and the major part of the air in the optical path may be kept dry with P,O;. The trans- 
mission of several gases in the spectral region 20-334 has been investigated. SO, showed strong 
absorption at 20.75u. This band is believed to be one of its fundamentals. The reflectivity of 
SO, at 20.75u and 8.74 was found to be zero. Raman data for SO2, CCl, CHCl; and (C:Hs)20 
are compared with the absorption of these gases. The transmission of lacquer, glass and 
amorphous quartz films was determined in the region 20-334. §-MgO was found to have a 
reststrahlen near 23u. This material reflects 80 percent of the 234 CaF: reststrahlen. Potassium 
iodide was found to be transparent to wave-lengths greater than 33y. 


9. Graphical determination of all crystal lattices from x-ray powder method data. WALTER 
SoLLER. University of Arizona.—The crystal analysis of solid substances available only in 
powdered form has in general been limited to the mor ,mmetrical crystal structures. Ana- 
lytical methods are too complex to have any practical value. The present graphical methods, 
because of their limitations to the more symmetrical systems and the x-ray interference due to 
interpenetrated lattices, give reliable results only for a limited number of substances. An x-ray 
diffraction pattern analyzer for all crystal lattices is discussed in this paper which should make 
crystal analysis for all solid substances possible. From an analytical discussion of the series of 
angles of x-ray reflections from lattice planes it is shown that an apparatus could be constructed 
which at once would indicate this series for any lattice of all crystal systems with the exception 
of the tri-clinic lattice. With this apparatus the lattice of any solid substance can be identified 
by matching the diffraction pattern of the substance with some pattern indicated on the ap- 
paratus. A definite procedure is possible in using the apparatus, so that the higher symmetry 
lattices are eliminated in order of higher symmetry until the correct match is obtained. This 
procedure identifies the tri-clinic lattice by the elimination of all the lattices higher in symmetry. 
From the setting of the apparatus for the match of the diffraction pattern all the parameters of 
the unit lattice cell, as well as the identification of the planes from which each reflection is 
coming, are obtained directly. The parameters of any unit lattice cell including the tri-clinic 
are also obtained by three definite settings of the apparatus distinct from the identification 
setting. This second determination of parameters serves as an entirely independent check of 
the first. 


10. Differential biological effects produced by x-rays and gamma-rays. G. FAILLA AND 
P.S. HENSHAW. Biophysical Laboratory, Memorial Hospital, New York City.—For the compari- 
son of the biological effects of x-rays and gamma-rays, it is essential that quantities of these 
two types of radiation be expressed in the same unit. Since there is an international unit of x- 
radiation, it is desirable that gamma-rays be expressed in this unit. The method and apparatus 
employed for the measurement of gamma-rays in “roentgens,” are described. In the biological 
experiments reported in this paper, doses are expressed in roentgens. The test objects were 
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wheat seedlings and fruit fly eggs. Linear growth in the growing parts of the seedling is de- 
creased and the number of eggs hatching is reduced, when these organisms are exposed to x-rays 
or gamma-rays. For the experiment, gamma-rays were obtained from four grams of radium and 
x-rays were produced at 165 KV and filtered through 2.04 mm of copper. It was found that these 
widely differing qualities of radiation produced a biological effect of essentially the same nature, 
but that each tissue required a different quantity of radiation to produce the same degree of 
effect. Most striking was the fact that the ratio of the doses required to produce the same degree 
of effect in two different tissues was different for x-rays and gamma-rays. This is also shown by 
the biological measurements independently of the physical measurements. From this it is 
evident that the quality of radiation must be considered when differential biological action is 
desired, as is the case in the treatment of cancer by radiation. 


Friday Afternoon, June 19, 1931 
NoRMAN BRIDGE LABORATORY OF PHYSICS 
LECTURE HALL, Room 201 


11. Transition from a glow discharge to an arc. S. S. MacKEown. California Institute of 
Technology.—Results of an experimental study of the abnormal cathode drop and of the tran- 
sition of a glow discharge to an arc lead to the following theory. As the current density to the 
cathode in the abnormal cathode drop increases, a larger number of electrons are freed from the 
cathode by positive ion bombardment. These electrons come primarily from active spots due 
to impurities on the cathode, and produce ionization which is localized near the active spots. 
Due to the high mobility of the electrons a high positive space charge results which increases 
the electric field near the active spots and consequently the electrons emitted therefrom. This 
process is cumulative and proceeds rapidly until the field at the active spot increases sufficiently 
to produce “field electrons” from the cathode due to the high electric field, and an arc results. 


12. The electro-optical shutter. HAaRoLD W. WaAsHBURN, University of California, Berkeley. 
Introduced by Ernest O. Lawrence.—A solution of the electric circuit of the electro-optical 
shutter, taking into account distributed constants, was obtained to see what error is made in 
assuming lumped constants. The results showed that, for the leads from spark gap to Kerr cell 
up to about one meter in length, the more exact solution differs from the approximate solution 
mainly by a 10 percent third harmonic and other smaller higher harmonics. Experiments on the 
effect of the Kerr cell capacity on the time of cut-off were made and the differences of time thus 
measured were found to agree approximately with those calculated. A short calculation showed 
that these differences of time were very nearly independent of the time taken (up to 107* 
secs.) for the voltage across the spark gap drop. An experiment employing short leads (10 cm), 
with a resistance too small for effective damping, from the spark gap to Kerr cell showed that 
oscillations sufficient to reopen the shutter did not occur. Calculation predicts this when the 
period of oscillation is about equal to the time of voltage drop across the gap. Experiments have 
been started on the breakdown of liquids which indicate that the rate of progression of the 
breakdown is much more rapid than in air since the voltage gradients are greater. 


13. The production of ultra-short undamped electromagnetic waves. G. V. GoTAPENKO. 
California Institute of Technology—Ultrashort electromagnetic waves have been obtained by 
the extension of the method of Barkhausen and Kurz. This method utilizes electronic oscilla- 
tions which can be obtained in a vacuum tube when grid has a high positive potential relative 
to the plate and filament. When to such a tube and circuit is connected the energy of oscillations 
is a maximum when the time necessary for the electrons to go from the filament to the plate and 
back is equal to natural period of this circuit. By increasing the grid potential and filament 
current it is possible to obtain an electronic oscillation until a frequency of 10° per second is 
reached. Further increase of frequency is prevented by overheating of the filament. From the 
author’s theoretical investigation it follows that in a circuit connected to the tube, oscillations 
can be produced if the natural period of a circuit is two, three, etc., times shorter than the 
period of electronic oscillations. By a method based on this theory the author obtained oscil- 
lations the frequency of which exceeds many times the frequency of electronic oscillations. 


8 


iy 
j 
q 
q 
q 
j 
q 


Undamped waves of a few centimeters were obtained. Report will be followed by demonstra- 
tions. 


14. Electron lenses. C. J. DAvisson AND C. J. CALBICK. Bell Telephone Laboratories, New 
York.—Electrons or other charged particles on passing through an aperture in a charged con- 
ductor receive rather sharp deflection in the distorted electrostatic field there encountered. A 
mathematical investigation of these deflections reveals that for apertures of simple geometry, 
such as slits in cylinders and circular holes in plates, the interaction between the distorted field 
and incident electrons is similar to the interaction between an optical lens and incident light 
rays. The field about a slit has the properties of a cylinderical lens. It has a focal length which 
is independent of the width of the slit, and electron images real and virtual are formed in ac- 
cordance with the simple laws of geometrical optics. The field about a circular hole in a plate 
is the analogue of a spherical lens. Its focal length is given by the formula f=2V/(G:—G,), 
where V represents the energy of the incident particles in equivalent volts, and (G:—G,) 
represents the difference, which existed before the hole was formed, between the potential 
gradients on the two sides of the plate. The diameter of the hole is not involved. The focal 
length of the field about a slit is given by the same formula. The results of these calculations 
are verified by experiment. 


15. Nuclear scattering of high velocity electrons by thin foils. H. V. Newer, California 
Institute of Technology.—Work on nuclear scattering of electrons by thin foils has led to the 
following conclusions: (a) A more critical criterion for single scattering is obtained which de- 
pends on the shape of the curve connecting p, the amount of scattering, with angle. (b) Second- 
ary electrons may be eliminated by applying stopping potentials equal to one-half the energy 
of the primary beam. (c) Dependence of scattering on energy of primary beam is found to agree 
well with either Mott's equation or with the relation k/ V?, but is at variance with the classical 
relativistic theory. (d) Comparison of values of scattering for Al, Ag and Au shows that p 
increases faster than Z?. (e) Either Mott’s or Rutherford’s equation gives the correct angular 
dependence for Al. The latter also gives the correct dependence on angle for Ag and Au. Mott’s 
equation is not applicable for these heavy elements. (f) Experimental absolute values for 
scattering for Al compared with theory give p=1.32 of the value given by Mott’s equation. 
This relation is valid within the ranges @=95° —173°, V=56—145 KV. (g) Secondary electrons 
coming from the foil are distributed according to the simple cosine law. (h) No evidence of loss 
of energy due to radiation is found up to one-half the energy of the primary beam. 


16. The absorption of hydrogen positive rays in helium and argon. RoBert E. Houzer. 
University of California, Berkeley.—The absorption of H+, H.* and H;* ions with velocities 
corresponding to accelerating potentials between 200 and 1800 volts was observed in helium 
and argon by means of an apparatus similar to that previously described (Phys. Rev. 36, 1204 
(1930)). The absorption of all of the ions, in helium is lower than in hydrogen. Measurements of 
the absorption of H* and H,"* ions in helium at 900 volts agree with the previous measurements 
of Dempster (Phil. Mag. 3, 115, (1927)) within the limits of experimental error. The absorption 
coefficients for hydrogen ions in helium decrease in size in the following order H;+, H.*, H*. 
The absorption coefficients for hydrogen ions in argon are larger than in helium or hydrogen. 
H,* is absorbed more strongly than H;* in argon as in hydrogen but not as in helium. Since the 
ionization potential of H, is nearly equal to the ionization potential of A and widely different 
from the ionization potential of He, it appears that the neutralization of a positive ion is very 
probable when it is moving among gas molecules, the ionization potential of which is the same 
as the ionization potential of the molecules from which the ion was produced. The absorption 
coefficient of H* in argon rises with increasing velocity between 300 and 1800 volts. It is smaller 
than H;* at 300 volts but larger at 1800 volts. A rise in the absorption curve with increasing 
velocity has been observed for electrons in various gases in certain velocity ranges. The rise 
in the absorption curve for protons in argon does not occur in the same velocity range as the 
rise in the absorption curve for electrons in argon. Whether or not the phenomenon is similar to 
the Ramsauer effect for electrons must be decided by further investigation. 


17. Effects due to the bombardment of platinum by mercury ions. JosEpH E. HENDERSON 
AND EpitH GIDEON. University of Washington.—Positive ions of mercury, formed by ionization 
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of mercury vapor at 50°C, were accelerated and made to pass as a beam against a platinum 
surface. This platinum surface was so arranged that the positive ion current incident upon it 
could be measured with and without secondary electron emission from the surface. This ar- 
rangement permitted both the rate of cathodic disintegration and the secondary electron emis- 
sion to be studied under identical conditions. The rate of disintegration was found to increase 
linearly with the accelerating voltage applied to the positive ions up to about 1200 volts after 
which the rate remains constant as far as carried. The secondary emission likewise increases 
linearly up to 1200 volts after which it decreases markedly. This implies that there is an 
intimate relation between the rate of disintegration and secondary electron emission due to the 
positive ions. Wax vapor was present in the apparatus. 


18. High velocity mercury ions. E. O. Lawrence anp D. H. SLoan. University of Cali- 
fornia, Berkeley.—At the Los Angeles meeting of the American Physical Society last December 
the authors described a method of successive accelerations of a beam of mercury ions as they 
pass through a column of hollow cylinders connected alternately to opposite terminals of a radio 
frequency oscillator. Using a tube with 30 such cylinders, with 35,000 volts applied at a fre- 
quency of 8535 kilocycles, a beam of singly charged mercury ions with 1,050,000 electron volts 
equivalent energy, was obtained. The magnitude of the ion velocity was checked by electro- 
static deflection of the beam. The effects of secondary electrons due to positive ion bombard- 
ment of the collector, and of photoelectrons due to x-rays originating in the ion source and in 
the accelerators can be eliminated, leaving the actual high velocity ion current of 5107 


amperes. 


19. Mobilities of Na ions in N, as a function of time. LEONARD B. Lores. University o} 
California.—The measurements of mobilities of Na ions from a Kunsman source in relatively 
pure H, over different time intervals using a sine wave form oscillator and the Rutherford 
alternating current method recently reported on (minutes of the 170th meeting of the American 
Physical Society, May 2, 1931) were extended to Na ions in N2 gas. The measurements yielded 
a mobility of 3.8 cm/sec per volt/cm from 10~ to 5 x 10~ seconds. At this point the mobilities 
dropped fairly rapidly to a value of about 3 cm/sec per volt/cm thereafter falling gradually 


to about 1.6 cm/sec per volt/cm the value normally found in N, in intervals of 10~* or more 
seconds. The fastest mobility is presumably that of the Na ion in N». The others are probably 
addition products of Na with molecules of impurity present. The first rather sharp drop is 
presumably due to the addition of a single molecule of fairly common impurity (H;O vapor). 
The gradual change may be due either to the gradual growth of a cluster, or the gradual picking 
up by all ions of some common impurity molecule of large size with high ion affinity but present 
in small amounts. The value 3.8 cm/sec of the Na ion mobility in N» gives the first real test of 
our theoretical mobility equations. It is higher than the value of 2.7 cm/sec for the complete 
Langevin equation for inverse fifth power law attractions, but far less than the value 14.9 
cm/sec from a law assuming solid elastic impacts. 


Saturday Morning, June 20, 1931 
NoRMAN BRIDGE LABORATORY OF PHYSICS 
LECTURE HALL, Room 201 


20. The relation of atmospheric space-charge to turbulence and convection. Josepn G. 
Brown, Stanford University —Von Schweidler, in 1908, showed theoretically that in a still 
atmosphere under the influence of a potential gradient of 90 V/m a positive space-charge would 
accumulate in a layer next to the earth’s surface due to the migration of the ions in the air- 
earth current. The maximum density of this space-charge would be 0.25 esu/m* at the surface 
and it would fall to zero at 15 meters above the surface. The mean value of the space-charge 
at 7.5 meters above the surface, measured at Stanford University, amounts to 0.05 esu/m® at 
7 A.M. This is the time of day when the air has been quiet for the longest period and the fact that 
the space-charge approaches closely to the theoretical value of 0.07 esu/m® for this elevation 
shows that the condition assumed by von Schweidler is actually approached. Continuous simul- 
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taneous records of space-charge and wind velocity have been obtained for one year. The mean 
diurnal variation of each has been computed for each month and for the entire year. A compari- 
son of these variations shows a very clear inverse relation. It is believed that this relation is the 
result of the formation of the positive layer when the air becomes quiet and its dispersion by 
the turbulence and convection which accompany wind. 


21. The temperature variation of the specific heat (C,) of CO, at 65.3 kg/cm? pressure; 
the specific heat (C,) of helium as a function of pressure. E. J. WorKMAN, National Research 
Fellow, Bartol Research Foundation of the Franklin Institute, Swarthmore, Pennsylvania.—The 
ratio of C, at a pressure of 65.3 kg/cm* to C, at a pressure of one atmosphere has been measured 
for CO, over the temperature range 45 to 100°C. Measured values for this ratio are as follows: 
1.87 at 45°C; 1.58 at 50°C; 1.38 at 80°C and 1.27 at 100°C. Considering the relatively small 
temperature variation of the specific heat (C,) of CO, at a pressure of one atmosphere, the 
enormous increase in the above ratios at a pressure of 65.3 kg/cm? arises from the large temper- 
ature variation of the specific heat at the higher pressure. Incomplete measurements at a 
pressure of 180 kg/cm? give an indication that this ratio may increase to 10 or 12 in the tem- 
perature region 40 to 50°C. The specific heat (C,) of helium at 50°C shows no measureable varia- 
tion with pressure in the pressure range 10 to 120 kg/cm’. In the case of helium the probable 
error does not exceed 0.2 percent. 


22. An electromagnetic theory of sight and color vision. S. R. Cook. Stockton, California.— 
The paper sets forth a new theory of sight and color vision. In this theory the electromagnetic 
(light) energy is transformed by the visual purple and the rods and cones into alternating elec- 
tric and magnetic potentials. These alternating electric and magnetic potentials are transmitted 
through the fibers, nuclear cells and synapses to the ganglion cells, whence the electric energy 
is transferred to the brain as neuro-energy along the optical nerve. The rods interpret intensity 
only while the cones interpret color. There are five areas of cone receptors, corresponding in gen- 
eral to red, yellow, green, blue, and violet. Each of these five areas interpret their respective 
wave-lengths (colors) primarily, but they are also capable of relatively wide tuning. The yellow 
receptors, for instance, are capable of interpreting, not only the yellow portion of the spectrum, 
but also wave-lengths well into the red and into the green. The theory might aptly be termed a 
radio theory as it assumes that the electromagnetic energy of the light waves is transformed in 
a manner similar to the transformation of electromagnetic radio wave energy. The theory 
explains color blindness by assuming either that the receptors for the special color are wanting, 
or that they are defective in their tuning. Residual images are hypothetically explained on the 
assumption that energy is stored up in the nuclear cells. This energy being later delivered to 
the ganglion cell, and thence to the optic nerve. By assuming that conduction through the 
nuclear cells are electrolytic rather than electronic, the theory explains the difference between 
the velocity of neuro-energy and electronic conduction. The alternating potentials are con- 
ducted through the synapses by condenser action. The theory is suggestive only and awaits 
confirmation. 


23. Note on the relation of wave-length to color sensation. C. A. RinpE. College of the 
Pacific.—At the Cleveland meeting of the American Physical Society last December the author 
presented evidence, based upon measurements of the retinal areas sensitive to monochromatic 
light at varying wave-lengths, suggesting the possibility of five primary chromatic sensations, 
red, yellow, green, blue, and violet. Curves were plotted showing the range of wave-length 
capable of stimulating each of five separate chromatic receptor mechanisms; and it was asserted 
that the stimulation of a particular receptor mechanism by any light within its range would 
produce a specific sensation, regardless of the location of the wave-length within the given range. 
Further work using a didymium glass filter, in accordance with a suggestion by Dr. M. Luckiesh 
at Nela Park, tends to corroborate these results, both as to the existence of primary yellow and 
as to the production of the yellow sensation by light from which the so-called “yellow” wave- 


lengths of the spectrum are absent. 


24. On the magneto-caloric effect. FRANCIs BITTER. Westinghouse Research Laboratories, 
East Pittsburgh, Pennsyluania.—The magneto-caloric effect is the reversible evolution of heat 
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accompanying a change in the magnetization of a substance. Its physical significance is that 
the change in energy accompanying a change in magnetization is partly due to work done at 
the expense of thermal agitation. The effect in ferromagnetic substances in strong fields depends 
on the change in energy of spontaneous magnetization and is essentially governed by the energy 
term no*/2, where n is the molecular field constant and ¢ is the intensity of magnetization per 
unit mass, as was shown by Weiss and Forrer. For low fields, however, other processes take 
place, for instance the rotation of magnetization of small regions which may be related to 
Zwicky’s blocks. The temperature agitation determines the distribution of directions of mag- 
netization of the various regions. The existence of a magneto-caloric effect in fields up to a few 
hundred gauss, as found by Ellwood, shows that temperature agitation plays a significant réle 
in small as well as in large fields. A magneto-caloric effect depending on crystal orientation 
and on mechanical distortions is predicted and discussed, and it is pointed out that a quanti- 
tative interpretation of experiments on single crystals might be possible. 


25. Asymetric Zeeman patterns at intermediate strengths of field in Ca I. Wo. BENDER. 
Yale University. (To be read by title. —The theoretical Zeeman pattern, based on Darwin's 
Wave Mechanical treatment (Proc. Roy. Soc. 115, p. 1, 1927) was worked out for the *D—*P 
transitions in Ca I, for w=1.55 cm™ corresponding to a field of 32,500 gauss. Marked asym- 
metries in the pattern are expected since w: 8 for the *D levels is 1.60. Measured lines in general 
with theoretical predictions well within the probable error throughout the entire pattern. 
Radiation in the field opposite the “forbidden line” j = 2—j =0 (2°P»—4*D2) came out in excel- 
lent intensity though somewhat broad, the position of the corresponding field lines m=1, 0, 
—1—m=0, 0, 0 being observed at 104.91, 103.22, 101.30, as against the theoretical values, 
104.80, 103.10, 101.47, all measured in cm™', from the mean multiplet center. The relative in- 
tensities for these “forbidden lines” was measured as 2.1: 4.1: 1 as against the theoretical values 
of 2.04: 4.01: 1. Evidence for “forbidden field radiation” associated with 2°P,;—4*Dy in the 
form of three distinct blocks at approximately the position given by the theory, was found 
although the density of deposit on the plate is quite small, in this case. Polarization plates con- 
firmed the theoretical predictions in a striking manner, particularly in the densely overlapping 
field patterns associated with 2°P,—4*D2, and 2°P,—4*D,. 


26. Probabilities of inelastic collisions. CLARENCE ZENER. National Research Fellow. 
California Institute of Technology.—The probability of an inelastic collision has been found 
quite generally to be approximated by (JS)?. Here J=2x/h/2_X(t)dt, where X is the matrix 
element with respect to the initial and final states of the mutual interaction of the two systems. 
X is obtained as a function of time by allowing the centers of gravity of the two colliding sys- 
tems to obey classical mechanics in the potential resulting from averaging over all the internal 
coordinates. S is approximately exp(—r./ro). to is the pseudo period of oscillation h/e, « 
being the magnitude of the difference in the internal energy before and after collision. r, is the 
time of collision, for which a definite expression may be found in any specific collision. Thus if 
the closest distance of approach, p, is so large that the motions of the centers of gravity are 
nearly linear, then r,-=2xp/v, where v is the mean of the initial and final mutual velocities. If 
the collision is head-on, and if the average mutual energy is positive and varies as exp(—)R), 
then a/dv. 


27. Photoelectric absorption of ultra-gamma radiation. Harvey HALL AND J. R. OpPEN- 
HEIMER. University of California, Berkeley.—A relativistic theory of the photoelectric effect, 
based on the relativistic quantum electrodynamics and the relativistic Dirac equation for a 
single electron, is developed and applied. The cross-section for photoelectric absorption of very 
hard radiation by electrons bound to a nucleus is computed. For this hard radiation, with 
\<<h/mce, we obtain 

o 21.9 X 


The results of the theory are compared with the experimental results of Chao and Tarrant on 
the total absorption of the gamma rays of ThC’”’ by various elements. For elements of inter- 
mediate atomic number (Cu) the agreement between theory and experiment is satisfactory; 
the deviations from the Compton absorption found experimentally may be explained by the 
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photoelectric absorption of extranuclear electrons. For the heaviest elements the theory gives 
an absorption fifty times that observed. The discrepancy is much too large to be explained by 
experimental error, or by errors introduced by approximations used in deriving and applying 
the theory. The present theory leads to incorrect results when applied to the interaction of 
electrons with light of such extremely short wave-length. 


28. Comparison of the classical electron orbital models with the probability density Yw* 
of the Schrédinger and the Dirac solutions of hydrogen-like atoms. H. E. Waite. University 
of California, Berkeley.—It is well known that the solutions of Schrédinger’s non-relativistic 
wave-equation for hydrogen-like atoms may be represented graphically by interpreting ¥Y* 
as a probability density. All three of the probability density factors @nm**(Qm,1)?*(Rn,1)? 
=Wwv* may be represented graphically and compared in some detail with the electron orbits 
of several classical models. An attempt to combine the probability density factors and form 
some graphical representation of Y¥* has resulted in the construction of a mechanical device 
or model which when set in motion and photographed gives a good representation of the 
electron-cloud. Photographs representing the magnetic states m=0, +1, +2, +3,- ++ are given 
for 1s, 2p, 3d, 4f, 2s, 3p, 4d, 5f, 3s, 4p, and 5d electrons have been made. 

In a similar manner the Dirac electron, which includes the electron spin, may graphically 
be compared with the classical electron orbits. In this more complete case with S, L and J, 
the angular distributions (6,,,:,;)? differ considerably from the Schrédinger distributions. It is 
of interest to point out in this connection that not only are the ?.Si;2. states spherically symmetri- 
cal but also the *P1/,. states. The correspondence with the classical models, including electron 
spin, is quite remarkable. On the other hand, the radial distributions (R,,1,;)?-4ar? on both the 
Schrédinger and Dirac theory, are so nearly identical that the difference between the two, 
being of the order of the fine-structure constant a, cannot be shown graphically. This is just 
as would be expected from the classical analogy. The probability density W¥* for the Dirac 
electron becomes zero at @=0 and « only and at r=0 and only. 


29. The motion of a Dirac electron in a magnetic field. L. D. Hurr. California Institute 
of technology.—Solutions of the Dirac wave equation representing a free electron moving in a 
uniform magnetic field are obtained. The functions are similar to those obtained by Landau and 
by Uhlenbeck and Young as solutions of the Schrédinger equation. A wave packet is constructed 
representing a beam of electrons passing through a slit. The results agree with the classical 
predictions to terms of the order of the de Broglie wave-length of the electron divided by the 
radius of curvature of its classical path. For experimental cases this ratio is of the order 10-8 
to 10—-!°. Hence it is concluded that the difference between magnetic deflection measurements 
of e/m and other determinations cannot be explained as a quantum effect. 


SUPPLEMENTARY PROGRAM 


30. On the relative abundances of isotopes. Haro.tp C. UREY AND CHARLEs A. 
BrabLeY, Jr. Columbia University.—If the relative abundances of atomic nuclei represent an 
equilibrium distribution at any temperature, that temperature must be the temperature of the 
sun at the time the planets were formed. An alternative hypothesis is that equilibrium existed 
at some previous higher temperature and has been “frozen” since then. But the relative abun- 
dances can hardly be those established at such a higher temperature, for this would require 
that the atoms turn into radiation in just such a way that this equilibrium mixture would 
remain. To test the question by thermodynamic considerations it is necessary to know (1) the 
activity coefficients of atomic nuclei in the body of a star, (2) the energy changes, and (3) the 
entropy changes of the reactions involved, For reactions of the type 


C2 4+ + OW 


the activity coefficients need not be known and the entropy change is zero or small unless the 
temperatures are so high that nuclear energy levels are excited and the densities so high that 
the activity coefficients cannot be regarded as determined by the net nuclear charge only. The 
energy changes are known from the atomic massesand using the known relative abundances of 
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the nuclei, it is possible to calculate the supposed temperature of equilibrium. The tempera- 
tures calculated in this way form a number of such reactions are fantastic. We conclude that 
either (1}. these simple thermodynamic considerations cannot be applied under the extreme con- 
dipion ; of the sun for anknown reasons, or (2) the mixture of the isotopes on earth is not an 
equilibrium mixture at any temperature. 


od 31. The spectra of high current vacuum arcs. ARTHUR S. KinG. Mount Wilson Observatory. 


—tThe experiments were designed to supplement previous work in which arcs carrying very 
large currents had been studied. Small metallic rods, or copper tubes containing pulverized 
metal, were used as el trodes in a vacuum chamber at a pressure of about 5mm. The voltage 


- of a large generater was applied directly to these electrodes, forming an arc of very brief dura- 


tion and intense lattghtness. The current often reached 2000 amperes at 110 volts, the electrodes 
burning apart to a gap of about 5 cm. The spectra examined were of iron, titanium, copper, 
magnesium and silicon. The lines appearing were largely those of the ionized atom, the relative 
strength of neutral and enhanced lines indicating a degree of ionization of the same order as 
that obtained in a high-capacity spark in air. Doubly-ionized lines of silicon appeared. The 
features of reversal and strong widening, often unsymmetrical, which in the high-current arc 
in air were useful in the grouping of neutral lines, are found in the vacuum high-current arc 
for lines of the ionized atom. It is possible thus to group the enhanced lines having similar 
behavior and to judge their relative energy levels. The neutral lines, though much weaker, also 
show the differences in structure characteristic of the different temperature classes. 


32. The work required to remove a field electron. JosepH E. HENDERSON AND RALPH E, 
BapGLey. University of Washington.—Electrons were drawn from a two micron platinum 
filament by means of an intense electric field. This field was secured by using the filament as 
the inner conductor of a cylindrical condenser. The outer conductor was of copper and was 
perforated, permitting some of the electrons to pass through it. Surrounding this conductor was 
another copper cylinder which was at the same potential as the filament, less a small! variable 
potential tending to accelerate the electrons. Observation of the magnitude of this small vari- 
able potential, when the electrons just reached the outer cylinder, provided a means of measur- 
ing the work done by the field in removing an electron from the filament. The value of this 
was found to vary from more than 10 volts to 4.3 volts as the field was increased. The value of 
4.3 volts is apparently approached asymptotically. The pressure in the apparatus as measured 
by an ionization guage was 2.9 X10~-* mm of mercury. 
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